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(57)Abstract:

PROBLEM TO BE SOLVED: To provide particles suitable for a negative electrode

carbon material for a lithium secondary battery of high capacity by firing and

graphitizing a mixture, including a graphitizable material and at least two kinds of

compounds which include different metallic elements.

SOLUTION: A mixture comprising a graphitizable material, a compound including B

element, and a compound including at least one kind of elements of Fe, Si, Ni, and Ti,

is fired and graphitized. Here, with respect of irreversible capacity at the first cycle of a

lithium secondary battery manufactured, it is desirable for the amount of the compound

including the B element to be in the range of 0.05 to 5 wt.% in terms of the B element

relative to the total amount of the graphitizable material and the compounds including

metallic elements, more preferable to range from 0.05 to 3 wt.%, and still more

preferable to range from 0.05 to 1 wt.%. It is preferable for the amount of the



compound added including at least one kind of elements of Fe, Si, Ni, and Ti, to be in

the range of 0.1 to 30 wt.% in terms of each element, and is especially desirable to be

in the range of 0.5 to 5 wt.%.
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* NOTICES *

JPO and NCIPI are not responsible for any
damages caused by the use of this translation.

1 .This document has been translated by computer. So the translation may not reflect the original

precisely.

2.**** shows the word which can not be translated.

3.In the drawings, any words are not translated.

CLAIMS

[Claim(s)]

[Claim 1] The manufacturing method of the graphite particle characterized by including the

process which calcinates and graphitizes the mixture containing the ingredient which can be

graphitized, and at least two kinds of compounds containing a different metallic element.

[Claim 2] The manufacturing method of the graphite particle according to claim 1 which is the

compound with which one of at least two kinds of compounds containing a different metallic

element contains B element.

[Claim 3] The manufacturing method of the graphite particle according to claim 1 at least two

kinds of whose compounds containing a different metallic element are a compound containing B
element, and a compound containing at least one kind of element of Fe, Si, nickel, and Ti.

[Claim 4] The manufacturing method of the graphite particle according to claim 3 which is 0.1 -

30 % of the weight in element conversion to the total quantity of the ingredient which the

amount of the compound which is 0.05 - 5 % of the weight in B element conversion, and

contains at least one kind of element of Fe, Si, nickel, and Ti to the total quantity of the

ingredient which the amount of the compound containing B element can graphitize, and the

compound containing a metallic element can graphitize, and the compound containing a metallic

element.

[Claim 5] The manufacturing method of the graphite particle according to claim 1, 2, 3, or 4

which is that in which the ingredient which can be graphitized contains the carbonaceous powder

whose mean diameter is 1-50 micrometers, and the binder which can be graphitized.

[Claim 6] The graphite particle containing at least two kinds of different metallic elements.

[Claim 7] The graphite particle according to claim 6 in which a metallic element contains B
element and at least one kind of element of Fe, Si, nickel, and Ti.

[Claim 8] The graphite particle according to claim 6 or 7 whose content of a metallic element is

0.01 -5%ofthe weight.

[Claim 9] The graphite particle according to claim 6, 7, or 8 below 8m2/g and whose aspect ratio

10-100 micrometers and specific surface area are [ the distance d between layers of a crystal

(002) / the microcrystal size Lc (002) of 3.38A or less and C shaft orientations ] 1.1-5 for 500A

or more and mean particle diameter.

[Claim 10] The negative-electrode carbon material for lithium secondary batteries which consists

of a graphite particle obtained according to one of manufacturing methods according to claim 1

to 4, or a graphite particle according to claim 5 to 9.

[Claim 11] The negative electrode for lithium secondary batteries which applies a carbon

material according to claim 10 to a charge collector, and it comes to unify.

[Claim 12] The lithium secondary battery which comes to have a negative electrode according to

claim 1 1 and a positive electrode containing a lithium compound.
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DETAILED DESCRIPTION

[Detailed Description of the Invention]

[0001]

[Field of the Invention] This invention relates to a graphite particle, its manufacturing method,

the negative-electrode carbon material for lithium secondary batteries, the negative electrode for

lithium secondary batteries, and a lithium secondary battery. It is related with the negative-

electrode carbon material for obtaining it in the lithium secondary battery suitable in more detail

and negative-electrode list suitable in more detail which are high capacity and were excellent in

the cycle property using for a portable device, an electric vehicle, stationary energy storage, etc.,

a graphite particle, and its manufacturing method.

[0002]

[Description of the Prior Art] The artificial-graphite particle which graphitized for example, a

natural-graphite particle, the artificial-graphite particle which graphitized corks, organic system

polymeric materials, a pitch, etc., the graphite particle which ground these are used for the

negative-electrode material of the conventional lithium secondary battery. It mixes with an

organic system binder and an organic solvent, and these graphite particles are considered as a

graphite paste, apply this graphite paste on the surface of copper foil, dry a solvent, and are used

as a negative electrode for lithium secondary batteries. For example, as shown in JP,62-23433,B,

the problem of the contents short circuit by the dendrite of a lithium is solved by using a graphite

for a negative electrode, and amelioration of a cycle property is aimed at.

[0003] However, since it is weak compared with association of the direction of a field of a

crystal, by grinding, the bonding strength between the layers of the crystal ofC shaft orientations

goes out, and, as for the natural graphite with which the graphite crystal is developed, association

between graphite layers serves as the so-called lepidic form graphite particle with a large aspect

ratio. Since the aspect ratio of flaky graphite is large, when it kneads with a binder, it applies to a

charge collector and an electrode is produced, the destruction inside an electrode arises by

expansion and contraction of C shaft orientations in which a flaky graphite particle carries out

orientation in the direction of a field of a charge collector consequently which charge-and-

discharge capacity and a rapid charge-and-discharge property not only tend to fall, but it

generates by the repeat of the occlusion and emission of the lithium to a graphite crystal, and it

has the problem to which a cycle property falls.

[0004] On the other hand, although an aspect ratio can make small comparatively the artificial

graphite which calcinated corks, the pitch, the organic system ingredient, etc. above 2000

degrees C compared with a natural graphite, since development of a graphite crystal is bad,

charge-and-discharge capacity is low. The crystallinity is raised by calcinating with a

graphitization catalyst, and an artificial graphite can raise charge-and-discharge capacity.



However, if the crystallinity of an artificial graphite is raised, the edge of a graphite crystal will

become easy to increase on the front face of an artificial-graphite particle. The edge of the crystal

of an artificial-graphite particle front face has the problem on which it is easy to react with the

electrolytic solution to, and the cycle property of the lithium secondary battery to produce and an

elevated-temperature property are reduced at the time of charge and discharge. Then, the carbon

material for negative electrodes with which it can improve and the lithium secondary battery of

high capacity can produce a cycle property, an elevated-temperature property, and a rapid

charge-and-discharge property is demanded.

[0005]

[Problem(s) to be Solved by the Invention] Invention according to claim 1 offers the

manufacturing method of the suitable graphite particle for the lithium secondary battery

negative-electrode carbon material of high capacity. In addition to the technical problem of

invention according to claim 1, invention claims 2 and 3 and given in four offers the

manufacturing method of the suitable graphite particle for the lithium secondary battery

negative-electrode carbon material excellent in the cycle property and the elevated-temperature

property. In addition to the technical problem of invention according to claim 1 to 4, invention

according to claim 5 offers the manufacturing method of the suitable graphite particle for the

negative-electrode carbon material for lithium secondary batteries excellent in the rapid charge-

and-discharge property.

[0006] Invention according to claim 6 is high capacity, and offers the suitable graphite particle

for the negative-electrode carbon material for lithium secondary batteries. In addition to the

technical problem of invention according to claim 6, invention claim 7 and given in eight offers

the suitable graphite particle for the carbon material for lithium secondary battery negative

electrodes excellent in the cycle property and the elevated-temperature property. In addition to

the technical problem of invention according to claim 6 to 8, invention according to claim 9

offers the suitable graphite particle for the negative-electrode carbon material for lithium

secondary batteries excellent in the rapid charge-and-discharge property.

[0007] Invention according to claim 10 is high capacity, and offers the suitable negative-

electrode carbon material for lithium secondary batteries for the lithium secondary battery

excellent in the cycle property, the elevated-temperature property, and the rapid charge-and-

discharge property. Invention according to claim 1 1 is high capacity, and offers the negative

electrode for lithium secondary batteries excellent in the cycle property, the elevated-temperature

property, and the rapid charge-and-discharge property. Invention according to claim 12 is high

capacity, and offers the lithium secondary battery excellent in the cycle property, the elevated-

temperature property, and the rapid charge-and-discharge property.

[0008]

[Means for Solving the Problem] This invention relates to the manufacturing method of the

graphite particle characterized by including the process which calcinates and graphitizes the

mixture containing the ingredient which can be graphitized, and at least two kinds of compounds

containing a different metallic element. Moreover, this invention relates to the manufacturing

method of the graphite particle which is the compound with which one kind contains B element

among at least two kinds of compounds containing the metallic element from which the above

differs.

[0009] Moreover, this invention relates to the manufacturing method of the graphite particle at

least two kinds ofwhose compounds containing the metallic element from which the above

differs are a compound containing B element, and a compound containing at least one kind of

element of Fe, Si, nickel, and Ti. Moreover, this invention relates to the manufacturing method

of the graphite particle which is 0.1 - 30 % of the weight in element conversion to the total



quantity of the ingredient which the amount of the compound which is
c0.05 - 5 % of the weighty

in B element conversion, and contains at least one kind of element of Fe
5
Si, nickel, and Ti to the

total quantity of the ingredient which the amount of the compound containing the

aforementioned B element can graphitize, and the compound containing a metallic element can

graphitize, and the compound containing a metallic element. Moreover, this invention relates to

the manufacturing method of the graphite particle which is that in which the ingredient in which

the aforementioned graphitization is possible contains the carbonaceous powder whose mean

diameter is 1-50 micrometers, and the binder which can be graphitized. [0010] Moreover, this

invention relates to the graphite particle containing at least two kinds of different metallic

elements. Moreover, this invention relates to the graphite particle in which the aforementioned

metallic element contains B element and at least one kind of element of Fe, Si, nickel, and Ti.

Moreover, this invention relates to the graphite particle whose content of the aforementioned

metallic element is 0.01 - 5 % of the weight. Moreover, this invention relates to the

aforementioned graphite particle below 8m2/g and whose aspect ratio 10-100 micrometers and

specific surface area are [ the distance d between layers of a crystal (002) / the microcrystal size

Lc (002) of 3.38A or less and C shaft orientations ] 1 . 1 -5 for 500A or more and mean particle

diameter.

[001 1] Moreover, this invention relates to the negative-electrode carbon material for lithium

secondary batteries which consists of the graphite particle or the aforementioned graphite particle

obtained according to the aforementioned manufacturing method. Moreover, this invention

relates to the negative electrode for lithium secondary batteries which applies the aforementioned

carbon material to a charge collector, and it comes to unify. Furthermore, this invention relates to

the lithium secondary battery which comes to have the aforementioned negative electrode and a

positive electrode containing a lithium compound.

[0012]

[Embodiment of the Invention] In this invention, the manufacturing method of the suitable

graphite particle for the negative-electrode carbon material for lithium secondary batteries adds

at least two kinds of compounds containing a metallic element which is different into the

ingredient which can be graphitized, and is characterized by graphitizing through the process

which calcinates the mixture. Thus, if at least two kinds of compounds containing a metallic

element which is different into the ingredient which can be graphitized are added, in case the

ingredient which can be graphitized is graphitized, these metallic elements will work as a

graphitization catalyst, crystallinity will improve, and charge-and-discharge capacity will

increase. Although this reason is not clear, the temperature fields where the catalyst effectiveness

of a metallic element demonstrates the catalyst effectiveness according to the class of those

elements differ, and since the temperature field which demonstrates the catalyst effectiveness

becomes large by adding two or more kinds of metallic elements, a crystal is considered that it

can advance development. Moreover, it is thought that the metallic element which demonstrates

effectiveness by the elevated-temperature side among the metallic elements which are two kinds

from which the temperature which demonstrates the catalyst effectiveness differs can make the

effectiveness amplify by the metallic element which demonstrates the catalyst effectiveness by

the low temperature side rather than it.

[0013] As a compound containing the metallic element to add, metals, such as B, Fe, Si, Ti, and

nickel, those oxides, carbide, and a nitride are desirable in respect of the crystallinity of the

graphite particle obtained. Furthermore, one kind in the compound containing two or more kinds

of metallic elements to add has a desirable compound containing B element. Although many
edges of a graphite crystal come to exist in a particle front face as a crystal progresses, although

it can be made to progress highly by adding a catalyst, the crystallinity of the ingredient which



can be graphitized is adding the compound containing B element, and it becomes possible to

control the amount of the edge of the graphite crystal on the front face of a particle, and to reduce

specific surface area, and to raise crystallinity of it further. The edge of a graphite crystal can

raise the cycle property and elevated-temperature property of a lithium secondary battery to

produce by being easy to react with the electrolytic solution, and reducing the amount of the

edge of a surface graphite crystal, since the reaction advances further at an elevated temperature.

[0014] Moreover, as for the compound containing one more kind of metallic element, it is

desirable that they are the compounds (an oxide, carbide, nitride, etc.) containing Fe, Si, Ti, or

nickel. Thereby, a cycle property and an elevated-temperature property can be maintained and

high capacity-ization can be attained.

[0015] As loadings of two or more kinds of compounds containing a different metallic element

to add As opposed to the total quantity of the ingredient which can graphitize the compound

containing B element although there is especially no limit, and the compound containing a

metallic element Are desirable in respect of the irreversible capacity of the surface state of the

negative-electrode carbon material using the graphite particle which 0.05 - 5% of the weight of

the range produces by B element conversion, and the first cycle eye of the lithium secondary

battery to produce. If it is 0.05 - 3% of the weight of the range, it is more desirable, and it is still

more desirable if it is 0.05 - 1% of the weight of the range. The edge of a graphite crystal

increases in the front face of the negative-electrode carbon material using the graphite particle

which the compound containing B element produces by B element conversion as it is less than

0.05 % of the weight, and there is an inclination for the cycle property and elevated-temperature

property of a lithium secondary battery which are produced as a result to fall. Moreover, when

the compound containing B element exceeds 5 % of the weight by B element conversion, it is in

the inclination for B element to tend to remain in the negative-electrode carbon material to

produce, and for the irreversible capacity of the first cycle eye to become large by B which

remained.

[0016] Moreover, 0. 1 - 1 5% of the weight of the range is more desirable, and the addition of the

compound containing at least one kind of element of Fe, Si, nickel, and Ti is still more desirable

if it is 0.5 - 10% of the weight of the range, and especially if it is 0.5 - 5% of the weight of the

range, it is desirable [ 0. 1 - 30% of the weight of the range is desirable to the total quantity of the

ingredient which can be graphitized, and the compound containing a metallic element at element

conversion of each element and ]. There is an inclination for the crystallinity of the graphite

particle from which the addition of the compound containing at least one kind of element of Fe,

Si, nickel, and Ti is obtained as it is less than 0.1 % of the weight in element conversion of each

element to fall, and for the discharge capacity of a lithium secondary battery to fall. On the other

hand, when it exceeds 30 % of the weight, the edge of a graphite crystal increases in the front

face of the negative-electrode carbon material using the graphite particle obtained, and there is

an inclination for the cycle property and elevated-temperature property of a lithium secondary

battery to produce to fall.

[0017] As the mixed approach of of the two or more kinds of compounds and the ingredient

which can be graphitized containing a different metallic element, there is nothing and you may

mix with powder, and especially a limit may be mixed, after making a liquid fuse or distribute

said compound.

[0018] As an ingredient which can be graphitized, although there is especially no limit, it is

desirable that it is the ingredient with which a mean diameter contains 1-50-micrometer desirable

carbonaceous powder and the desirable binder which can be graphitized. The rapid charge-and-

discharge property of the lithium secondary battery which can make the aspect ratio of the

graphite particle obtained small, consequently is produced by mixing the binder in which said



carbonaceous powder and graphitization are possible can be raised. As for the compound

containing a metallic element, it is desirable to add, in case the binder which can be graphitized

is mixed with carbonaceous powder, and to mix to coincidence. As for the temperature to mix, it

is desirable that it is the temperature in which the binder which can be graphitized carries out

softening fusion, and although the temperature changes with ingredients to be used, the range of

50-350 degrees C is desirable. Moreover, with a solvent etc., when using as a solution the binder

which can be graphitized, it may be mixed in ordinary temperature.

[0019] As carbonaceous powder, graphite powder, such as carbide of resin, natural-graphite

powder, and artificial-graphite powder, can be used in the end of a coke breeze, such as needle

coke, for example. As a binder which can be graphitized, organic system ingredients, such as

thermosetting resin besides being a pitch, tar, etc. and thermoplastics, are raised.

[0020] As for the graphite precursor which mixed two or more kinds of compounds containing a

metallic element with the ingredient which can be graphitized, like the above, it is desirable to

calcinate and graphitize at the temperature of 2500 degrees C or more. In this invention, before

graphitizing this graphite precursor at the temperature of 2500 degrees C or more, grinding and

shaping may be performed and you may calcinate at the temperature of about further 700-1300

degrees C. Moreover, after calcinating at the temperature of about 700-1300 degrees C, grinding

and adjusting grain size, you may calcinate and graphitize at the temperature of 2500 degrees C
or more by fine particles. In respect of the crystallinity of the negative-electrode carbon material

obtained, and discharge capacity, 2500 degrees C or more are desirable, and the burning

temperature at the time of graphitization is more desirable if it is 2800 degrees C or more, and if

it is 3000 degrees C or more, it is still more desirable. If the ambient atmospheres at the time of

baking are the conditions which cannot oxidize easily, there will be especially no limit, for

example, nitrogen-gas-atmosphere mind, an argon ambient atmosphere, and the vacuum middle

class will be mentioned.

[0021] Subsequently, although it grinds, and grain size is adjusted and being considered as a

graphite particle, as the grinding approach, there is especially no limit, for example, it can take

impact crushing methods, such as a jet mill, a hammer mill, and a pin mill. Especially the mean

particle diameter of the graphite particle after grinding has desirable 10-50 micrometers 10-100

micrometers. However, when it grinds before graphitization and grain size is adjusted, it is not

necessary to grind after graphitization. In addition, in this invention, mean particle diameter can

be measured with a laser diffraction type particle-size-distribution meter.

[0022] Although the graphite particle produced as mentioned above comes to contain two or

more kinds of metallic elements in the graphite particle, as for the content, it is desirable that it is

0.01-5 % of the weight. When it exceeds 5 % of the weight, it is in the inclination for there to

be an inclination for the irreversible capacity of the first cycle eye of the lithium secondary

battery to produce to become large, and for the self-discharge property of a lithium secondary

battery to fall

[0023] Moreover, since the lithium secondary battery with which 500A or more and mean

particle diameter are [ micrometers / 10-100 / and specific surface area ] high capacity as it is

that below 8m2/g and whose aspect ratio are 1.1-5, and the distance d between layers of a crystal

(002) excelled [ size / Lc (002) / ofA / 3.38 / or less / and C shaft orientations / microcrystal ] in

the cycle property, the elevated-temperature property, and the rapid charge-and-discharge

property is obtained, the graphite particle obtained is desirable.

[0024] The distance d between layers of a crystal (002) is a value in the X-ray wide angle

diffraction of a graphite particle, and when this value exceeds 3. 3 8A, it has the inclination for

discharge capacity to become small here. Moreover, the microcrystal size Lc (002) ofC shaft

orientations is also a value in the X-ray wide angle diffraction of a graphite particle, and has the



inclination for discharge capacity to become it small that this value is less than 500A. Moreover,

less than by 1.1, an aspect ratio is in the inclination for conductivity to fall, when the touch area

between particles decreases. On the other hand, when the aspect ratio of a graphite particle

becomes larger than 5, there is an inclination to become easy for a rapid charge-and-discharge

property to fall. In addition, an aspect ratio is expressed with A/B, when major-axis lay length of

a graphite particle is set to A and it sets minor-axis lay length to B. The aspect ratio in this

invention expands a graphite particle under a microscope, chooses 100 graphite particles as

arbitration, measures A/B, and takes the average.

[0025] Moreover, when the specific surface area of a graphite particle exceeds 8m2/g, the

irreversible capacity of the first cycle eye of the lithium secondary battery obtained becomes

large, energy density is small, and in case a negative electrode is produced further, there is a

problem that many binders are needed. Measurement of specific surface area can take known
approaches, such as a BET adsorption method (nitrogen gas absorption method). And it is mean
particle diameter, the graphite particle obtained has desirable 10-100 micrometers, and its 10-50

micrometers are more desirable.

[0026] The graphite particle obtained as mentioned above can be used as a negative-electrode

ingredient for lithium secondary batteries of this invention as it is.

[0027] The negative-electrode carbon material for lithium secondary batteries which becomes

this invention is kneaded with an organic system binder and a solvent, is made into the shape of a

paste, and can be fabricated in configurations, such as the shape of a sheet, and a pellet type. As
an organic system binder, polyethylene, polypropylene, ethylene-propylene terpolymer,

butadiene rubber, styrene butadiene rubber, isobutylene isoprene rubber, a high molecular

compound with big ionic conductivity, etc. can be used, for example.

[0028] As a high molecular compound with said big ionic conductivity, polyvinylidene fluoride,

polyethylene oxide, polyepichlorohydrin, poly FASUFAZEN, a polyacrylonitrile, etc. can be

used, the mixing ratio of a carbon material and an organic system binder ~ a rate — the carbon

material 100 weight section — receiving — an organic system binder --**** for 1 - 20 weight

sections - things are desirable.

[0029] As said solvent, there is especially no limit and a N-methyl-2-pyrrolidone,

dimethylformamide, isopropanol, etc. are raised. Especially a limit does not have the amount of a

solvent, either, and after it kneads a carbon material with an organic system binder and a solvent

and it adjusts viscosity, it applies to a charge collector, it unites with this charge collector, and let

it be a negative electrode. As a charge collector, metal charge collectors, such as foils, such as

nickel and copper, and a mesh, can be used, for example. In addition, unification can be

performed by the fabricating methods, such as a roll and a press, and you may unify combining

these.

[0030] Thus, the obtained negative electrode is used for the lithium secondary battery of this

invention with the positive electrode containing a lithium compound. It can obtain by a lithium

secondary battery's countering and arranging a positive electrode and a negative electrode

through a separator, and pouring in the electrolytic solution, and this is excellent in a cycle

property, an elevated-temperature property, and a rapid charge-and-discharge property with high

capacity as compared with the lithium secondary battery which used the conventional carbon

material for the negative electrode. <BR> [0031] there is especially no limit in the ingredient, for

example, independent in LiNi02, LiCo02, and LiMn204 grade, although the positive electrode

of the lithium secondary battery in this invention contains a lithium compound — or it can be

mixed and used. The lithium secondary battery in this invention contains the electrolytic solution

which usually contains a lithium compound with a positive electrode and a negative electrode.

[0032] As the electrolytic solution, the so-called organic electrolytic solution which melted the



lithium salt of LiC104, LiPF6, LiAsF, LiBF4
3
and LiS03CF4 grade to nonaqueous solvents,

such as ethylene carbonate, diethyl carbonate, dimethoxyethane, dimethyl carbonate, methylethyl

carbonate, and a tetrahydrofuran, and a solid-state or the so-called gel polymer electrolyte can be

used.

[0033] the nonwoven fabric which used polyolefines, such as polyethylene and polypropylene,

as the principal component as a separator, for example, a cross, and a fine hole - what combined

a film or them can be used. In addition, when the positive electrode and negative electrode of the

lithium secondary battery to produce make it the structure where it does not contact directly, it is

not necessary to use a separator.

[0034] in addition, drawing 1 ~ a part of example of a cylindrical lithium secondary battery ~ a

cross-section front view is shown. The positive electrode 1 processed in the shape of sheet metal

and the negative electrode 2 processed similarly wind what was piled up through the separators

3, such as a micropore film made from polyethylene, and the cylindrical lithium secondary

battery shown in drawing 1 inserts this in the cell cans 7, such as metal, and is sealing-ized. A
positive electrode 1 is joined to the positive-electrode lid 6 through the positive-electrode tab 4,

and the negative electrode 2 is joined to the cell pars basilaris ossis occipitalis through the

negative-electrode tab 5. The positive-electrode lid 6 is being fixed to the cell can (positive-

electrode can) 7 with the gasket 8.

[0035]

[Example] Hereafter, the example of this invention is explained.

One weight section (it is the *0. 175 weight section by B element conversion) and the iron-oxide 5

weight section (they are the' 3.5 weight sections by Fe element conversion) were mixed for 50

weight sections, the pitch 15 weight section, the coal tar 10 weight section, and a way acid at 230

degrees C for 1 hour in the coke breeze end of 10 micrometers of example 1 mean diameters.

Subsequently, this mixture was ground in mean particle diameter of 25 micrometers, press

forming of this grinding object was put in and carried out to metal mold, and it fabricated in the

rectangular parallelepiped. After heat-treating this Plastic solid at 1000 degrees C in nitrogen-

gas-atmosphere mind, it heat-treated at 3000 degrees C in nitrogen-gas-atmosphere mind further,

and the graphite Plastic solid was acquired. Furthermore this graphite Plastic solid was

pulverized and itcconsidered as the graphite particle. The measured value of the mean particle

diameter of the obtained graphite particle, d (002) and Lc (002), specific surface area, an aspect

ratio, and ash content (the amount of metal survival) is shown in Table 1

.

[0036] Subsequently, as it was, the polyvinylidene fluoride (PVDF) dissolved in 90 % of the

weight of this negative-electrode carbon material at the N-methyl-2-pyrrolidone was added 10%
of the weight, was kneaded by solid content, by having used the obtained graphite particle as the

negative-electrode carbon material, and the graphite paste was produced. Thickness applied and

carried out the vacuum drying of this graphite paste to the rolling copper foil which is 10

micrometers, and it considered as the test electrode.

[0037] Constant current charge and discharge according the produced sample electrode to 3

terminal method were performed, and charge-and-discharge capacity was measured. Evaluation

of a sample electrode put the solution which dissolved LiPF6 so that it might become to the

concentration of one mol/1. at the mixed solvent of ethylene carbonate (EC) and diethyl

carbonate (DEC) (EC and DEC are 1 :1 at a volume ratio) as the electrolytic solution 10 into the

glass beaker mold eel 9, as shown in drawing 2 , the laminating of a sample electrode 1 1, a

separator 12, and the counter electrode 13 was carried out, and it has arranged them, hung the

reference pole 14 from the upper part further, and produced the model cell. In addition, the metal

lithium was used for the counter electrode 13 and the reference pole 14, and the polyethylene

micropore film was used for the separator 4. Using the obtained model cell, between the sample



electrode 1 1 and the counter electrode 13, it charged to OV (V vs. Li/Li+) by the constant current

of 0.3 mA/cm2 to the area of a sample electrode, and the trial which discharges to IV (V vs.

Li/Li+) was performed. The discharge capacity and irreversible capacity per unit weight of 1

cycle eye of a negative-electrode carbon material are shown in Table 1

.

[0038] Subsequently, the lithium secondary battery was produced using the obtained negative-

electrode carbon material. It is the following, and the lithium secondary battery of this invention

shown in drawing 1 was made and produced, as positive active material — LiCo02 88 % of the

weight - using — as an electric conduction agent — the scale-like graphite of 2 micrometers of

mean diameters - as 7 % of the weight and a binder - 5 % of the weight (PVDF) of

polyvinylidene fluorides ~ adding ~ this - a N-methyl-2-pyrrolidone - adding - mixing — a

positive electrode ~ the paste of a mixture was adjusted.

[0039] the negative-electrode carbon material similarly produced by the aforementioned

approach as a negative-electrode active material ~ as a binder - PVDF - 10 % of the weight -

adding ~ this — a N-methyl-2-pyrrolidone ~ adding — mixing ~ a negative electrode - the paste

of a mixture was adjusted, a positive electrode - after making the mixture into both sides of

aluminium foil with a thickness of 25 micrometers with ** and carrying out a vacuum drying at

120 degrees C after that for 1 hour, by the roll press, pressing of the electrode was carried out, it

started further in with a width die length [ 285mm die length of40mm ]
magnitude, and the

positive electrode was produced, however, a part with a die length [ of the both ends of a positive

electrode ] of 10mm - a positive electrode - a mixture was not applied, but aluminium foil is

exposed, and the positive-electrode tab is stuck to one of these by pressure by ultrasonic jointing.

[0040] on the other hand — a negative electrode ~ the mixture was applied to both sides of

copper foil with a thickness of 10 micrometers, and carried out the vacuum drying at 120 degrees

C after that for 1 hour. After the vacuum drying, by the roll press, pressing of the electrode was

carried out, it started further in with a width die length [ 290mm die length of40mm ]

magnitude, and the negative electrode was produced, a positive electrode « the same - a part

with a die length [ of the both ends of a negative electrode ] of 10mm - a negative electrode - a

mixture was not applied, but copper foil was exposed, and the negative-electrode tab was stuck

to one of these by pressure by ultrasonic jointing.

[0041] The with a thickness width [ 44mm width of 25 micrometers ] micropore film made from

polyethylene was used for the separator. Superposition and this were wound in order of the

positive electrode, the separator, the negative electrode, and the separator, and it considered as

the electrode group, this — AA - it inserted in the cell can of size, can bottom welding of the

negative-electrode tab was carried out, and the converging section for closing a positive-

electrode lid was formed. After the volume ratio poured into the cell can the electrolytic solution

made to dissolve one mol /of 6 phosphorus-fluoride acid lithiums in the mixed solvent of the

ethylene carbonate and diethyl carbonate of 1 : 1 1. and welding a positive-electrode tab to a

positive-electrode lid, the positive-electrode lid was closed and the cell was produced. Charge

and discharge were repeated for 300mA of charge and discharge currents, and a charge-and-

discharge termination electrical potential difference at 45 degrees C as 4.2V and 2.8V using this

cell, respectively. The measurement result of 45-degree-C cycle property is shown in drawing 3 .

[0042] Ten weight sections (it is the 1.75 weight section by B element conversion) and the iron-

oxide 10 weight section (they are 7 weight sections by Fe element conversion) were mixed for 50

weight sections, the pitch 15 weight section, the coal tar 10 weight section, and a way acid at 230

degrees C for 1 hour in the coke breeze end of 10 micrometers of example 2 mean diameters.

Subsequently, this mixture was ground in mean particle diameter of 25 micrometers, press



forming of this grinding object was put in and carried out to metal mold, and it fabricated in the

rectangular parallelepiped. After heat-treating this Plastic solid at 1000 degrees C in nitrogen-

gas-atmosphere mind, it heat-treated at 3000 degrees C in nitrogen-gas-atmosphere mind further,

and the graphite Plastic solid was acquired. Furthermore this graphite Plastic solid was

pulverized and it considered as the graphite particle. The measured value of the discharge

capacity per carbon unit weight of the mean particle diameter which measured this negative-

electrode carbon material by the same approach as an example 1 , d (002) and Lc (002), specific

surface area, an aspect ratio and ash content, and 1 cycle eye, and irreversible capacity is shown

in Table 1, using the obtained graphite particle as a negative-electrode carbon material as it is.

moreover, the approach as an example 1 that it is the same except having used said negative-

electrode carbon material for the negative electrode - AA - the lithium secondary battery of size

was produced and the cycle property in 45 degrees C was measured like the example 1 . The

result is shown in drawing 3 .

[0043] The graphite particle produced in the example 3 example 2 was heat-treated at 2600

degrees C in the vacuum, and the graphite particle was obtained. The measured value of the

discharge capacity per carbon unit weight of the mean particle diameter measured by the same

approach as an example 1, d (002) and Lc (002), specific surface area, an aspect ratio and ash

content, and 1 cycle eye and irreversible capacity is shown in Table 1 by using the obtained

graphite particle as a negative-electrode carbon material, moreover, the approach as an example

1 that it is the same except having used said negative-electrode carbon material for the negative

electrode - AA - the lithium secondary battery of size was produced and the cycle property in

45 degrees C was measured like the example 1 . The result is shown in drawing 3 .

[0044] The 0.5 weight section (it is the 0.0875 weight section by B element conversion) and the

silicon carbide 25 weight section (they are the 17.8 weight sections by Si element conversion)

were mixed for 50 weight sections, the pitch 15 weight section, the coal tar 10 weight section,

and a way acid at 230 degrees C for 1 hour in the coke breeze end of 10 micrometers of example

4 mean diameters. Subsequently, this mixture was ground in mean particle diameter of 25

micrometers, press forming of this grinding object was put in and carried out to metal mold, and

it fabricated in the rectangular parallelepiped. After heat-treating this Plastic solid at 1000

degrees C in nitrogen-gas-atmosphere mind, it heat-treated at 3000 degrees C in nitrogen-gas-

atmosphere mind further, and the graphite Plastic solid was acquired. Furthermore this graphite

Plastic solid was pulverized and it considered as the graphite particle. The measured value of the

discharge capacity per carbon unit weight of the mean particle diameter which measured this

negative-electrode carbon material by the same approach as an example 1, d (002) and Lc (002),

specific surface area, an aspect ratio and ash content, and 1 cycle eye, and irreversible capacity is

shown in Table 1 by using the obtained graphite particle as a negative-electrode carbon material,

moreover, the approach as an example 1 that it is the same except having used said negative-

electrode carbon material for the negative electrode - AA - the lithium secondary battery of size

was produced and the cycle property in 45 degrees C was measured like the example 1. The

result is shown in drawing 3 .

[0045] Ten weight sections (it is the 1.75 weight section by B element conversion) were mixed

for 50 weight sections, the pitch 15 weight section, the coal tar 10 weight section, and a way acid

at 230 degrees C for 1 hour in the coke breeze end of 10 micrometers of example of comparison

1 mean diameters. Subsequently, this mixture was ground in mean particle diameter of 25

micrometers, press forming of this grinding object was put in and carried out to metal mold, and

it fabricated in the rectangular parallelepiped. After heat-treating this Plastic solid at 1000

degrees C in nitrogen-gas-atmosphere mind, it heat-treated at 3000 degrees C in nitrogen-gas-

atmosphere mind further, and the graphite Plastic solid was acquired. Furthermore this graphite



Plastic solid was pulverized and it considered as the graphite particle. The measured value of the

discharge capacity per carbon unit weight of the mean particle diameter which measured this

negative-electrode carbon material by the same approach as an example 1, d (002) and Lc (002),

specific surface area, an aspect ratio and ash content, and 1 cycle eye, and irreversible capacity is

shown in Table 1 by using the obtained graphite particle as a negative-electrode carbon material,

moreover, the approach as an example 1 that it is the same except having used said negative-

electrode carbon material for the negative electrode ~ AA ~ the lithium secondary battery of size

was produced and the cycle property in 45 degrees C was measured like the example 1. The

result is shown in drawing 3 .

[0046] 50 weight sections, the pitch 15 weight section, the coal tar 10 weight section, and the

iron-oxide 5 weight section (they are the 3.5 weight sections by Fe element conversion) were

mixed at 230 degrees C for 1 hour in the coke breeze end of 10 micrometers of example of

comparison 2 mean diameters. Subsequently, this mixture was ground in mean particle diameter

of 25 micrometers, press forming of this grinding object was put in and carried out to metal

mold, and it fabricated in the rectangular parallelepiped. After heat-treating this Plastic solid at

1000 degrees C in nitrogen-gas-atmosphere mind, it heat-treated at 3000 degrees C in nitrogen-

gas-atmosphere mind further, and the graphite Plastic solid was acquired. Furthermore this

graphite Plastic solid was pulverized and it considered as the graphite particle. The measured

value of the discharge capacity per carbon unit weight of the mean particle diameter which

measured this negative-electrode carbon material by the same approach as an example 1, d (002)

and Lc (002), specific surface area, an aspect ratio and ash content, and 1 cycle eye, and

irreversible capacity is shown in Table 1 by using the obtained graphite particle as a negative-

electrode carbon material, moreover, the approach as an example 1 that it is the same except

having used said negative-electrode carbon material for the negative electrode ~ AA — the

lithium secondary battery of size was produced and the cycle property in 45 degrees C was

measured like the example 1 . The result is shown in drawing 3 .

[0047] 50 weight sections, the pitch 15 weight section, the coal tar 10 weight section, and the

silicon carbide 25 weight section (they are the 17.8 weight sections by Si element conversion)

were mixed at 230 degrees C for 1 hour in the coke breeze end of 10 micrometers of example of

comparison 3 mean diameters. Subsequently, this mixture was ground in mean particle diameter

of 25 micrometers, press forming of this grinding object was put in and carried out to metal

mold, and it fabricated in the rectangular parallelepiped. After heat-treating this Plastic solid at

1000 degrees C in nitrogen-gas-atmosphere mind, it heat-treated at 3000 degrees C in nitrogen-

gas-atmosphere mind further, and the graphite Plastic solid was acquired. Furthermore this

graphite Plastic solid was pulverized and it considered as the graphite particle. The measured

value of the discharge capacity per carbon unit weight of the mean particle diameter which

measured this negative-electrode carbon material by the same approach as an example 1, d (002)

and Lc (002), specific surface area, an aspect ratio and ash content, and 1 cycle eye, and

irreversible capacity is shown in Table 1 by using the obtained graphite particle as a negative-

electrode carbon material, moreover, the approach as an example 1 that it is the same except

having used said negative-electrode carbon material for the negative electrode ~ AA ~ the

lithium secondary battery of size was produced and the cycle property in 45 degrees C was

measured like the example 1 . The result is shown in drawing 3 .

[0048]

[Table 1]



£ 1

&JS0J2 mm® s £8S094 mm 2

¥ & tt a Urn) 25. 2 27. 5 27. 0 22. 0 2 4. 3 23. 6 2 1.8

d(0 0 2) (A) 3 . 3 5 9 3.3 54 3. 354 3.355 3 . 3 5 9 3.360 3 . 3 5 5

Lc(0 0 2) (A) 94 3 >1 00 0 >1 000 >1 00 0 8 2 5 9 50 >1 000

Jfc-* D 8 (m
a
/g) 3. 3 2. 7 2. 0 2. 9 3. 2 4. 1 3. 0

r x £ h it 1. 7 1. 6 2. 5 2. 6 1. 5 2. 1 3. 5

* # (%) 0. .1 1 1.. 6 0 .0.01 0. 08 1. 42 0. 0 1 0. 0 1

WL « £ £ (mAh/&) 3 3 6 342 3 5 0 3 5 5 3 27 33 5 3 50

2 8 3 8 2 5 29 3 9 46 38

[0049] As shown in Table 1 and drawing 3 , the carbon material for negative electrodes of this

invention is high capacity, and it was shown that it is suitable as a lithium secondary battery

excellent in the elevated-temperature cycle property.

[0050]

[Effect of the Invention] According to the manufacturing method of a graphite particle according

to claim 1, the suitable graphite particle for the lithium secondary battery carbon material of high

capacity is obtained. According to the manufacturing method of claims 2 and 3 and a graphite

particle given in four, an effect of the invention according to claim 1 is done so, and the suitable

graphite particle for the lithium secondary battery negative-electrode carbon material which was

farther excellent in the cycle property and the elevated-temperature property is obtained.

According to the manufacturing method of a graphite particle according to claim 5, an effect of

the invention according to claim 1 to 4 is done so, and the suitable graphite particle for the

lithium secondary battery negative-electrode carbon material which was further excellent in the

rapid charge-and-discharge property is obtained.

[0051] As a negative-electrode carbon material, a graphite particle according to claim 6 is high

capacity, and suitable for a lithium secondary battery. Claim 7 and a graphite particle given in

eight do so an effect of the invention according to claim 6, and are still more suitable as a

negative-electrode carbon material of the lithium secondary battery excellent in the cycle

property and the elevated-temperature property. A graphite particle according to claim 9 does so

an effect of the invention according to claim 6 to 8, and is still more suitable as an amount of

negative-electrode material of the lithium secondary battery excellent in the rapid charge-and-

discharge property.

[0052] The negative-electrode carbon material for lithium secondary batteries according to claim

10 is high capacity, and excellent in a cycle property, an elevated-temperature property, and a

rapid charge-and-discharge property. The negative electrode for lithium secondary batteries

according to claim 1 1 is high capacity, and excellent in a cycle property, an elevated-temperature

property, and a rapid charge-and-discharge property. A lithium secondary battery according to

claim 12 is high capacity, and excellent in a cycle property, an elevated-temperature property,

and a rapid charge-and-discharge property.



[Translation done.]
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